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Abstract

Background: Malaria is a significant burden to health systems and is responsible for a large proportion of outpatient
cases at health facilities in endemic regions. The scale-up of community management of malaria and reactive case
detection likely affect both malaria cases and outpatient attendance at health facilities. Using health management
information data from 2012 to 2013 this article examines health trends before and after the training of volunteer com-
munity health workers to test and treat malaria cases in Southern Province, Zambia.

Results: An estimated 50% increase in monthly reported malaria infections was found when community health
workers were involved with malaria testing and treating in the community (incidence rate ratio 1.52, p < 0.001).
Furthermore, an estimated 6% decrease in outpatient attendance at the health facility was found when community
health workers were involved with malaria testing and treating in the community.

Conclusions: These results suggest a large public health benefit to both community case management of malaria
and reactive case detection. First, the capacity of the malaria surveillance system to identify malaria infections was
increased by nearly one-third. Second, the outpatient attendance at health facilities was modestly decreased. Expand-
ing the capacity of the malaria surveillance programme through systems such as community case management and
reactive case detection is an important step toward malaria elimination.
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Background

Malaria accounts for an estimated 16% of child mor-
talities in sub-Saharan Africa [1]. Inequities in access to
treatment can lead to increased morbidity and mortal-
ity rates in populations distant from health centres due
to further delays in treatment [2, 3]. In Zambia, treat-
ment-seeking behaviour is perhaps the largest barrier to
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ensuring prompt access to anti-malarials [4]. Expand-
ing malaria treatment services through community case
management (CCM) of malaria has shown to be an effec-
tive method of improving individual access to malaria
treatment [5], but information regarding the impact of
CCM on the health system remains understudied.

Long wait times and staff shortages are associated with
poor health systems throughout sub-Saharan Africa
[6-8], a problem to which malaria contributes directly
with its estimated 165 million incident cases in 2013.
There are simply too many malaria cases for the number
of health workers on the continent [9]. The HIV/AIDS

© The Author(s) 2017. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license,

and indicate if changes were made. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/
publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://orcid.org/0000-0002-1876-6536
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-017-2088-1&domain=pdf

Larsen et al. Malar J (2017) 16:441

pandemic, outmigration of trained health staff, and a lack
of funding to health systems contribute to the problem of
an inadequate health system, which in turn leads to chal-
lenges in reducing mortality caused by preventable and
treatable infectious diseases [10]. This shortage of health
workers is felt in Zambia [11], and most prominently in
rural areas [12].

Malaria and other illnesses such as pneumonia and
diarrheal disease can be safely addressed by commu-
nity health workers (CHW) with 1-2 week trainings
to administer simple diagnostics and medicines [13].
In Zambia, CCM of malaria through CHWs has been
implemented in various settings following a policy shift
to allow CHW's to conduct malaria rapid diagnostic tests
and treat those testing positive with artemether-lume-
fantrine [14, 15]. Expanding on this policy in Southern,
Central and Western Provinces of Zambia, a reactive
case detection (RCD) system has been implemented
wherein CHWs perform case investigations for incident
malaria cases suspected of being locally acquired [16].
RCD is based on the premise that incident malaria may
be representative of local malaria transmission, likely in
the immediate vicinity of the incident case’s household
[17]. While CCM refers to CHW efforts to test and treat
symptomatic community members who seek care for
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their illness, RCD is an additional service whereby CHW's
follow-up incident cases to their household, and then
test and treat around the incident case. CCM with RCD
is increasingly viewed as a key element of the Zambian
Government’s national elimination efforts especially in
areas in the final hurdle of identifying residual foci and
stomping out local remaining infections (Malaria elimi-
nation strategy—Zambia 2016). This article assesses the
impact of CCM and RCD on the malaria burden at the
health system level.

Methods

Study site

This study took place in 7 districts in Southern Prov-
ince, Zambia (Fig. 1). Malaria transmission in South-
ern Province is presumed to be low—malaria indicator
surveys (MIS) conducted in 2008, 2010, 2012 and 2015
found parasite prevalence in children to be < 10% each
year and large declines in malaria-related costs have
been observed at two major hospitals [18]. The primary
malaria vectors in Southern Province are Anopheles ara-
biensis and Anopheles funestus. Indoor residual spraying
in the province is conducted annually although the pro-
portion houses sprayed across the province is typically
less than 30%, with many of the IRS resources targeted
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toward higher transmission districts bordering Lake
Kariba (not included in this analysis). High coverage of
insecticide-treated mosquito nets is observed (63.6% of
households reporting at least one LLIN) and nets have
been the mainstay of malaria prevention in the mostly
rural areas where malaria is most prevalent [19].

CCM and RCD system

Starting in 2011, the Government of the Republic of
Zambia (GRZ) and partners implemented a CCM and
RCD system in Southern Province, Zambia. This con-
sisted of passive malaria CCM testing and treatment at
the CHW health post (typically their household) and
then in response to the identification of a positive case,
RCD activities within 140 m of the incident case house-
hold [16]. Incident cases identified at health facilities
also received RCD follow-up. By the end of 2014, a total
of 1481 CHWSs had been trained throughout South-
ern, Central and Western Provinces. CHWSs conducted
RCD as volunteers, although they did receive cell phone
talk time and bicycles in remuneration for submitting
monthly reports to the Health management information
system (HMIS) via a DHIS2 (District Health Information
Software 2) mobile-to-web system. Testing by CHWs is
done with malaria rapid diagnostic tests, usually Stand-
ard Diagnostics SD Bioline®, and treatment for those
testing positive follows the national malaria treatment
guidelines, the majority of whom receive artemether-
lumefantrine (AL), the first-line drug for uncomplicated
malaria.

Data
Monthly health facility data were retrieved from the
National Malaria Elimination Centre (NMEC) surveil-
lance database (which runs DHIS2) from January 2010
through December 2013. Reported malaria data for
Zambia currently divides its databases into the standard
health facility data (HMIS) and the expanded commu-
nity-based data. Specifically, the following data elements
were retrieved from the standard health facility database:
total outpatient attendance, number of clinical malaria
cases (those not confirmed by diagnostic), number of
malaria diagnostic tests performed, number of con-
firmed malaria cases. The following data elements were
retrieved from the community database: number of indi-
viduals seeking treatment from the CHW, number of
suspected malaria cases tested for malaria, number of
confirmed malaria cases, number of people tested for a
malaria infection during case investigations, and number
of people testing positive for a malaria infection during
case investigations.

Monthly enhanced vegetation index and temperature
were retrieved from the MODerate resolution Imaging
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Spectrometer (MODIS) satellite mission. Mean monthly
values of EVI and temperature for areas within a 5 km
buffer of each health centre were extracted and included
in the study. Values were extracted using the raster pack-
age [20, 21] in R version 3.1.0 [22]. Monthly EVI and tem-
perature were tested for time lags at 1 and 2 months, and
a lag of 1 month was selected.

Analyses

Due to known challenges with routinely reported malaria
data [23], reporting completeness was measured by
the proportion of facilities with non-missing values of
malaria cases and non-zero values of outpatient attend-
ance. Two separate analyses were conducted, one for
the entire time period 2010-2013 and one for the time
period 2012-2013 when data completeness was above
60%. Two separate groups of outcomes were considered,
namely confirmed malaria infections (outcome A) and
total outpatient attendance (outcome B). The outcome
of confirmed malaria infections (outcome A) addresses
the question of whether the CCM and RCD systems have
increased access to diagnosis and treatment for malaria
cases. A random effects negative binomial regression
was applied to monthly confirmed malaria cases with
the total outpatient attendance included as the offset
to account for variations in treatment-seeking behav-
iour. A sinusoidal function of time was used to account
for the seasonality of malaria, and additionally tested to
determine if malaria infections increased in time with a
categorical year covariate. EVI and temperature (lagged
1 month) were categorized as above or below the median
and included as environmental factors. The type of facil-
ity (hospital, rural health centre, urban health centre and
health post) was also included. These analyses were con-
ducted considering two specific outcomes:

A.1. The number of confirmed malaria cases identi-
fied at the health facility.

A.2.  The number of confirmed malaria cases identi-
fied at the health facility and by CHWs, i.e., including
both CCM and RCD.

The above outcomes allow us to determine whether
community activities have affected malaria incidence at
the health facility (A.1), and/or whether there has been
any change in treatment access due to the community-
led efforts (A.2).

The outcome of total outpatient attendance (outcome
B) addresses the question of whether the CCM and RCD
systems have decreased the outpatient attendance at the
health centre. A random effects linear regression was
conducted of a log-transformed monthly total outpatient
attendance at the health centre with the previously stated
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covariates included. This analysis was conducted with
two specific outcomes:

B.1.  The total outpatient attendance at health facilities
only.

B.2.  The total outpatient attendance at health facilities
combined with patients seen by CHWs in the com-
munity.

Outcome B.1 gives a measure of whether the commu-
nity activities have decreased the outpatient attendance
at the health centre. Outcome B.2 gives a measure of
how the community efforts expanded treatment-seeking
behaviour or whether it is just shifted from health centre
to the community. All analyses were conducted in Stata
version 13.1 (Stata Corporation, College Station, Texas,
USA).
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Results

The increased support for malaria surveillance efforts
began in 2011 in Southern Province and reporting com-
pleteness reached 60% in 2012 and remained at least at
this level throughout 2013. Malaria test positivity was
unavailable before 2012 and once measured was found
to be < 20% throughout the study period, and < 10% in
the dry season (June—December). Figure 2 shows trends
of confirmed malaria cases, malaria test positivity and
outpatient attendance by month 2012-2013. RCD scaled
gradually in the study area beginning in 2012 to reach
approximately 80% of health centres engaging in the
interventions in 2013 (Fig. 2d).

Confirmed malaria infections
Months when CHWs reported any malaria testing or
malaria cases, an indication of when they were out in the
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community conducting malaria case management was
not associated with malaria incidence as measured at the
health facility when not taking into account the infections
found in the community (p = 0.394, Table 1). However,
once the malaria cases found in the community through
CCM and RCD were combined with the health facil-
ity incidence, community efforts were associated with a
52% increase in confirmed malaria infections standard-
ized to total outpatient attendance (incidence rate ratio
[IRR] = 1.52, 95% confidence interval [CI] = 1.37-1.68).
CHW health posts saw more malaria infections rela-
tive to outpatient attendance than rural health centres
(IRR = 1.37, 95% CI = 1.05-1.79, Table 2). Environmen-
tal factors and seasonality were associated with increased
confirmed malaria infections as expected (Table 2).

Outpatient attendance

Months when CHWs reported any malaria testing or
malaria cases for CCM and RCD were associated with
a 6% decrease in the total outpatient attendance at the
health facility (95% CI = 1.4-10.6% decrease, Table 3).
When combining the outpatient attendance at the health
facility with the outpatient attendance seen during CCM
and people tested during RCD, however, there was no
association (Table 3). Urban health centres had more
than double the outpatient attendance compared to rural
health centres (119% more, 95% CI = 82-156% more,
Table 4), and community health posts had 53% fewer
outpatients than rural health centres (95% CI = 23-83%
fewer, Table 4). Environmental factors and seasonality
were associated with outpatient attendance as expected
(Table 4).

Discussion

This is the first assessment of which we are aware exam-
ining how CHWSs conducting CCM and RCD may be
affecting the broader health system. These data suggest
that CHWSs performing malaria CCM and RCD not only
expand access to malaria treatment but also shift a sig-
nificant portion of the malaria case management case
load to CHWSs. Months where CHWs reported conduct-
ing CCM and RCD were associated with a 50% increase
in confirmed malaria infections after accounting for tem-
poral and seasonal trends. This increase likely reflects
an improvement in the capacity of malaria surveillance
rather than an actual rise in malaria transmission as test
positivity rates did not appear to increase during the time
period included in this analysis (Fig. 2b). Further sup-
porting this argument is the fact that malaria incidence
measured at the health centre is only a fraction of the
malaria burden [24]. By equipping CHWSs to conduct
CCM and RCD, the surveillance ‘net’ is wider, more gran-
ular and more sensitive and is thus able to detect more
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malaria infections than a surveillance system consisting
of health facilities only. Improving the quality and capac-
ity of a surveillance system in the context of malaria elim-
ination is especially important; maximizing the number
of malaria infections detected and treated will maximize
the probability of eliminating existing parasite reservoirs,
identifying importation and stopping onward transmis-
sion [25]. Similarly an improved surveillance system is
crucial for documenting the maintenance of zero trans-
mission and ultimately qualifying for WHO elimination
certification. CCM alone did not provide as much ben-
efit as RCD alone, and malaria elimination programmes
should examine the feasibility of conducting RCD to
improve surveillance.

Interestingly, the gains in malaria surveillance were
made only when taking into account the malaria infec-
tions found during CCM and RCD. This strongly suggests
that the CCM with RCD system that was implemented in
Southern Province provides a tangible benefit in pursu-
ing malaria elimination. Contrary to these findings other
studies have found little benefit to RCD [26]. One of the
main criticisms of RCD is that the RDTs currently used
have difficulty detecting subclinical infections. Certainly
RCD and malaria surveillance in general would ben-
efit from improved diagnostics to identify asymptomatic
infections, however these analyses suggests CCM and
RCD provides a benefit with the current tools available.

Not only have community efforts improved access to
malaria treatment, disaggregating malaria surveillance at
the health post level improves the understanding of het-
erogeneity of malaria transmission within health centre
catchment areas. The spatial refinement of surveillance
is an important precursor to targeting malaria interven-
tions such as indoor residual spraying, larviciding and/
or insecticide-treated mosquito net distributions to geo-
graphical areas within health centre catchments.

Months when CHWs reported being in the commu-
nity doing CCM and RCD were associated with a 6%
decrease in the total outpatient attendance at the health
facility. There is reason to believe that the decrease in
outpatient attendance is likely due to fewer individuals
with fever seeking care at health facilities. With a mean
monthly outpatient attendance of 823 (95% CI: 798—-848),
a 6% decrease translates to roughly 49 fewer outpatients
received at each health centre per month. Assuming
each outpatient takes 10 min of time from healthcare
providers at the health centre, those 49 fewer outpa-
tients per month leads to approximately 8 person-hours
of time saved per health centre per month when CHW's
are conducting malaria community case management.
The decrease in outpatient attendance and person-hours
saved at the health centre did not account for increased
time spent by CHWs conducting RCD. Volunteer CHWs
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Table 1 Multivariate negative binomial regression analyses showing the relationship between confirmed malaria infec-
tions and the presence of CCM and RCD interventions for 2012-2013. Results for entire time period (2010-2013) available

in additional file 1

Outcome N observations (n
health centers)

interval)

Incident rate ratio of any
CCM alone (95% confidence RCD alone (95% confidence

Incident rate ratio of any Incident rate ratio of any
CCM+ RCD (95% confidence

interval) interval)

Health facility incidence only 3273 (137)
2875 (137)

0.953 (0.852-1.065)

Health facility incidence
including community
cases

1.314 (1.186-1.457)***

1.144 (1.038-1.262)**
1.397 (1.274-1.532)***

0.953 (0.852-1.065)
1.516 (1.365-1.683)***

Models controlled for malaria testing rate, type of facility, environmental factors as well as time and seasonality with a sinusoidal function

*p <0.05,* p<0.01,**p < 0.001

Table 2 Multivariate linear regression analysis showing the relationship between outpatient attendance and the pres-

ence of CCM and RCD interventions for 2012-2013

Factor Categorization Percent change (95% confidence interval) p value
Community malaria treatment Any CCM or RCD — 5.99% (— 10.62 to 1.37%) 0.011
District Choma Reference Reference
Itezhi-tezhi —42.74% (— 92.23 10 6.75%) 0.091
Kalomo — 33.38% (— 64.63 to — 2.13%) 0.036
Kazungula — 26.43% (— 64.00to 11.13%) 0.168
Mazabuka — 53.58% (— 87.90 to 19.26%) 0.002
Monze — 6.66% (— 39.68 to 26.36%) 0.693
Namwala 37.24% (— 4.53 10 79.01%) 0.081
Year 2012 Reference Reference
2013 24.29% (15.60 to 34.98%) <0.001
Sinetime 26.07% (15.25 to 36.89%) <0.001
Costime —841% (— 194310 2.61%) 0.135
Type of health centre Rural health centre Reference Reference
Hospital affiliated health centre — 67.23% (— 125.6 to — 8.88%) 0.024
Hospital — 56.22% (— 113.3t0 0.87%) 0.054
Health post — 53.04% (— 82.72 to — 23.36%) < 0.001
Urban health centre 119.1% (81.79 to 156.4%) < 0.001
Enhanced vegetation index Below median Reference Reference
Above median —597% (— 11.10-— 0.85%) 0.022
Monthly maximum daytime temperature Below median Reference Reference
Above median — 0.86% (— 5.94 t0 4.23%) 0.741
Monthly maximum nighttime temperature Below median Reference Reference
Above median 10.06% (6.62 to 13.50%) <0.001
Altitude Below median Reference Reference
Above median 25.79% (— 0.02 to 51.60%) 0.050

N = 2978 observations, 138 health centres

could potentially become overburdened by RCD, particu-
larly in areas where malaria transmission is more intense.
When people being tested for malaria during CCM and
RCD were included in the measure of outpatient attend-
ance, there was only an association for CCM suggest-
ing that the lower attendance may be due to individuals
seeking and receiving care in the community rather than
going to the health facility.

These analyses have some limitations. Firstly, it should
be noted that the use of IRR in the analysis is due to
the negative binomial regression model, but the inci-
dence also includes prevalence cases found through
RCD. Second, routinely reported malaria case data often
has inherent problems; reporting completeness and
treatment-seeking behaviour are often noted as most
problematic [23]. To mitigate the issue of reporting
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Table 3 Multivariate linear regression analyses showing the relationship between outpatient attendance and the pres-
ence of CCM and RCD interventions for 2012-13. Results for entire time period (2010-2013) available in additional file 1

Outcome N observa- Percent change CCM alone Percent change RCD Percent change CCM + RCD
tions (n health  (95% confidence interval) alone (95% confidence (95% confidence interval)
centres) interval)

Log-transformed outpatient attend- 3089 (138) —599% (— 1062 to — 1.37%)*  0.59% (— 3.31-4.48%) —5.99% (— 1062 to

ance measured at health facility — 1.37%)*

Log-transformed outpatient attend- 3232 (138) —7.72% (— 14.09to0 — 1.35%)* 3.67% (— 1.84-9.18%) 2.18% (— 4.14 to 8.50%)

ance at health facility including
individuals presenting and/or
tested in community

Models controlled for type of facility, environmental factors as well as time and seasonality with a sinusoidal function
*p<0.05

Table 4 Multivariate linear regression analysis showing the relationship between outpatient attendance and the pres-
ence of CCM and RCD interventions for 2012-2013

Factor Categorization Percent change (95% confidence interval) p value
Community malaria treatment Any CCM or RCD —5.99% (— 10.62 to 1.37%) 0.011
District Choma Reference Reference
Itezhi-tezhi — 42.74% (— 92.23 10 6.75%) 0.091
Kalomo — 33.38% (— 64.63 to — 2.13%) 0.036
Kazungula — 26.43% (— 64.00 to 11.13%) 0.168
Mazabuka — 53.58% (— 87.90 to 19.26%) 0.002
Monze — 6.66% (— 39.68 to 26.36%) 0.693
Namwala 37.24% (— 4.53 10 79.01%) 0.081
Year 2012 Reference Reference
2013 24.29% (15.60 to 34.98%) < 0.001
Sinetime 26.07% (15.25 to 36.89%) <0.001
Costime —841% (— 194310 2.61%) 0.135
Type of health centre Rural health centre Reference Reference
Hospital affiliated health centre —67.23% (— 125.6 to — 8.88%) 0.024
Hospital —56.22% (— 113.3t0 0.87%) 0.054
Health post — 53.04% (— 82.72 to — 23.36%) <0.001
Urban health centre 119.1% (81.79 to 156.4%) <0.001
Enhanced vegetation index Below median Reference Reference
Above median —597% (= 11.10 to — 0.85%) 0.022
Monthly maximum daytime temperature Below median Reference Reference
Above median — 0.86% (— 5.94 t0 4.23%) 0.741
Monthly maximum nighttime temperature Below median Reference Reference
Above median 10.06% (6.62 to 13.50%) <0.001
Altitude Below median Reference Reference
Above median 25.79% (— 0.02 to 51.60%) 0.050

N = 2978 observations, 138 health centres

completeness, we measured the level of reporting com-
pleteness and conducted analyses on time periods with
at least 60% reporting completeness. To account for the
issue of treatment-seeking behaviour at health facilities,
confirmed malaria infections standardized to total outpa-
tient attendance. Including a measure of time also helped
to account for variation in treatment-seeking behaviour

due to seasonality. A second limitation of this analysis
was that not all suspected malaria cases are confirmed
at health centres using either a malaria rapid diagnostic
test or microscopy. This issue was addressed by includ-
ing malaria testing rate as a covariate in the analyses of
confirmed malaria infections to account for those facili-
ties that would appear to have higher confirmed malaria
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infections, but in reality just have higher testing rates.
Finally, the interventions were scaled gradually, limiting
the ability to do a more robust analysis that might incor-
porate a time by intervention interaction. The associa-
tions seen here may perhaps be caused by temporal drift
including varying coverage and/or effectiveness of vector
control interventions such as ITNs, though measures of
time were incorporated through the use of a sinusoidal
function and categorical year. Despite these limitations,
these findings strongly support the case for implementing
community-led malaria surveillance and interventions.

Conclusions

Community implemented CCM and RCD are associated
with decreased outpatient attendance at health centres
and increased capacity of malaria surveillance systems,
respectively. Scaling these programmes will likely lead
to tangible benefits for both targeting malaria specific
interventions and resources to areas with higher case
loads and expanding the capacity of a currently over-
burdened health system. Augmenting the CHW skillset
with the ability to treat diarrhea and pneumonia would
likely lead to even larger gains in terms of expanding the
access to care, easing the burden on health facilities, and
ensuring continued use of community-based care in a
malaria elimination environment. These gains need to be
weighed against the additional workload placed on vol-
unteer CHWS.

Additional file

Additional file 1. Additional tables showing the analyses for the entire
time period (2010-2013).
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